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Vertexing Is the Key
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D*, D, =t K—Matrix

® NMotivation

O Charm Dalitz plot gives probes of charm decay
mechanism and charm CP violation.

 However, isobar model has problems when adding broad
Breit-Wigner signals due to violation of unitarity.

= Unitarity can be achieved from K-matrix formalism.
® FOCUS analysis fits with K-matrix rather than isobar model.
1 Can deal with overlapping scalar states with large widths.

d Anisovich & Sarantsev parameterize S-wave isoscalar
scattering up to 1.9 GeV/C2?. eur.phys.J.A16 (2003) 229

= Consider 5 virtual states: 7z, K K .4z, nn, 17 -
= Find 5 IJPC = 00+ resonance: f,(980), f,(1300), f,(1500),
f,(1750), f,(1200-1600)

 Using this parameterization and adding in vector and
tensor particles, we can fit the D+, D, = n* © =+ Dalitz plot.
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D*, D= = n~ =™ Analysis

Yield Dt = 1527 £51

Yield D = 1475 +50 Dl >rnrnn
Sq{N D+=3.64 — g/N D+ =3.41 {é" 3.5
= | o
g | ml Observe: TR2s L ‘
m IH i e

i i *f,(930) <3> %1-5 :

200 1 e s
i +f,(1270) <(> 0q

cb 02 04 06 08 1 1.2 14 16 1.8 2

Low m® _, _(GeV?/c?)
[t of (1500)

0
L7 175 18 185 19 1% 2 05 %1
/Téwc

Sideband

Signal Several broad and overlapping resonance states
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D~ n* -t K-Matrix
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Low mass projection

High ‘mass ﬁrojec%ion

decay channel fit fractions (%) phase (deg)

(S-wave)n™ |87.04+5.60 +4.17 0(fixed) BV
£,(1275)n" | 9.74+4.49+2.63 |168.0+18.7+2.5 e C.L fit3 %
p*(1450)n" | 6.56+3.43+3.31 234.9+19.5+13.3 e

* We can fit it using K- matrix known from scattering data (A&S).

» The K-matrix approach has been applied to charm decays for the first time.
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Low mass projection

High mass projection

decay channel

fit fractions (%)

phase (deg)

(S -wave)n”
f,(1275)n*
p’(770)n*

56.00(+ 3.24 +2.08
11.74 £1.90+0.23
30.82 +3.14+£2.29

O(fixed)
-47.5£18.7£11.7
-139.4+£16.5+9.9

production of K K , i, nn

Dipion production is always much smaller.
For D+, the ssbar contribution competes with a ddbar contribution.

This interpretation also bears on the role of the annihilation diagram in the

D .t — mtnrt decay.

2
mhigh

D=ttt K-

Matrix

E831

sk

N

D

1T CLfit7.7 9

2
mlow

PLB585 (2004)200-212

For D .+ and D+, the S-wave decay amplitude is dominated by an intial



Typical event topology:

Primary Vertex

Mass = 1.8681+0.002 GeV/c?
c =12.72 MeV/c?

0 0 2-0
LT KK 1 62+030%
(D’ - Kz*n")
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60 — 101819 |

JHdky |

The errors reported |
are only Statistical. i L )

Hﬁ m | n,h i

= T T - -
E ; O ‘ 1 1 1 | | | ‘ | | | | | | | | | |
e 1.67 1.75 1.83 1.91 1.99

| ol DO KsKs

Fi0" — K" K™D - K )
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D0 = KsKsKirt®, KsKsmtt ™

Mass = 1.8660+0.0011 GeV/ c2 Mass = 1.8648+0.0011 GeV/ c?

o =5.0 MeV/c? o = 6.5 MeV/c?
2 | & Vield = 57 +/- 10 3 " & Vield = 117 +/- 20
% | .{{-.‘-# % o *L*-"{;& h
'E_'m Q.".,:l. ;E. '{1_ Ii
B IQ* Al B . h: |r|
) r| RS |l BIIE
| i -'-I | i
lui ! ! i __.-'r 2 I -' b Hbr
First Measurement ‘I i o 1
i AN |
I| I.
s 1= ras g i 3 Py 15 Ay — oy
GeV/e GeV/'e?
g g +
—_— F
D K SK SKi TC D= K ':E;TE 14

® Discovery of D% » KsKsKr mode
® Br(D0 ~ KOKO K*F) ~ 2.5X1073 is large more like D® = K*K~ KOxo.
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DO = K-K*K™rt*
(D’ - K K K'zh)
(D’ > K x'n")

Compared to PDG2003: 0.32+0.09%

=0.257£0.034 £0.024%

Tlea ] _ -+ —_— 106 —
= 7O D" —-K K K 1 =
ﬁ _:_‘ =50
-1 e’ s
— B = &l
m : i
= ield: = 4t 1
i 50 -2 ro
143 £+ 19 e ek
= JZ5 1.05 1.075
40
Sa i b
30 = .
o i }
-2 2D
z0 =
- 1 =

P 175 18 185 19 195 .=
CieW i~

_Nl-::-de Magnitude Phase (deg.) - xFl'-acti.-::-n (%)
HK*(892) 1 0 48 £ 6+ 1
dK—mT 0.60+0.12 194+244+8 18644

I{*D(SQZ)K“‘K_ 0.65+0.13 255+£154+4 20742
non-resonant 0.554+0.14 278+ 164+42 15+6+2
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5 body decays with 5
Charged Kaons (D*, D, )
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5 body decays (cont’d)

Table ]
Branching raties for fve-body modss and comparison o the previous measurements by E657. All branching ratos are mclusive of subresonant
modes
Decay mods FOCUS EGE7 [6]
FMDt—=K-ststatz") 4 % e
i E—=Ta T 0.058 £0.002 £0.006 0.077 £ 0.008 £ 0.010
MRS &8 &F &F &% 3 " 17 ] 07
o B s e 0.200 £0.017 £0.011 0.290 £ 0.061 £0.026
J"Lﬂ;'—r.':"'rr"'rr"'rr'rr'] : . ’ 2
T e 0.145 £ 0.011 £0.010 0.158 £ 0.042 £0.031
ribF—=K+tE-gtata—) - e ? ;
FOF=E-K+ah) 0.150 £ 0.019 £0.025 0.188 £ 0.036 £ 0.040
+ _amtote—
Elpoimn 1) 0.249 £0.024 £0.021 0.28 £0.06 £0.01
rind =gt
EE ok Koty ) 0.040 0,009 £0.019

Nit=K-z+z+ata-)
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Resonant analyses of S
5 body decays

e |[ncoherent fits are performed using

oL D* deca
projections. y
Subresonant mode Fracmnon of K4x
e All 5 body decay mode shows strong (K —n¥ntntx—pm 0.07+005%00:
vector p—x contributions. e AEE i oukion
) . . K0 o0+ 0.40 & 0.03 £ 0.06
O D*is consistent with ~60%
Ty D.* decay
D — K al (1260) Subresonant mode Fraction of 2K 37
Q D * is consistent with ~100% (ktpatataTy 0.10:0.08:£0.05
g xTaT 02140054006
N xtg— 0yt <0.03{90%CL)
Ds © — ¢ a, (1260) golnt 0,754 0.06:£0.04
O DO js also consistent dominated by
_ 0
D% K "a, (1260) D" decay
. . . Subruozan: mods Fraction of K¥r*x~x*x-
e All are consistent with being T —— 0 AL
9 : | Ki-x*x*x- | 0.17+0.28 £0.02
dominated by vector a; (1260) with Rt e
| a1 TEE03 L0039
a, (1260) — p’x"”
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 Lipkin proposed that heavy flavor decays in which a radiated W S
hadronizes to one particle and the remaining quarks hadronize into

another particle might exhibit some universality.

 Look at decays of the form i — f+W where W - p, a, orm

L

R(ifX)

f

— BR[i—fX] ~ W—=X
— EBR[i—fp] W—p

P

R .
.rpia;m

S } Strong —e K-
e

R(D°K ~m= R(DTK n~R(D"K* )=~ R(DTK**n =~R(B°D-m~R(B*D%) ~R(B"D*n\~R([B+D*"%)
R(DYK —a) mRLD"‘FDa] == R(DK* —a) HRQ:D‘I‘?*DE:] = R(B"D —a) = HfB‘l‘DDq = R(B"D* —a) meB‘l‘D*Dﬂ.}

1.4 = e
Lo R(D K ) R(D'K "n) R(B D ) R(B D “m)

L
0.8 + Tc
0.6 -
0.4 = i ® [ - &
D-é R(D"K ) R(D"K" ) R(B°D ) R(B°D" )

- R(D*K" a ) R(DK °a,) R(B' D)) R(B*D_‘a,)
i NEW

L T NE W a;

>- R(D°K"a,)
0.5 }
Oy, — — O .
L R(MDK™a) L L R(B°Da,) R(B°D"a,)
KIHYEON CHO
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6 body decays

D s Kz x*r xtn- D'—sxaxrxrxtratme

1A

(@ yisd =484 10

D> K z*p'(958) ™f

15}

19

vERlE D M EN I

3
First Measurement |

K5 Invanam Mass (GeVice')
D’ > K n'n'n n'n)
(D’ > K ztzn'n)

=0.270%0.058 £ 0.038%

A

Fryeni=irh 'I.'I-_l'-'l;_"- i

(b Yield= 149 4 17

3 -
4l —
3l —
21

T U
o7 Invariant Mass (GeVie")

D’ >r'xxnx’n)

0 ————=1.93104710.48
(D" > Krn'n'nrn'n)

® 6 body branching ratio is small compared to 4 body decays.

® Cabibbo suppressed branching ratio is larger than Cabibbo favored?
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HEPR 5
Excited charm meson

® | =1 between c and light quark (u,d)
Jg=8Sq+L

® HQET: approximately good

® Denote: Dy, D(J,=1/2), D;(J,=3/2) and D,*

® | =1 charm meson were reconstructed via D+rn- & DOx*
A0 =K rn*, DKttt
A0 K rtt

® D+ D, — Drn* measurements

® An evidence for D,* contributions

—E—————— g —————————
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Evidence Measurement
MEV/C— : L = ] L =1
i = 1 o 1t i o
2800 J, = 1 J . 3 3
2 2 P 2

2600

2400

2200

2000

1800
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D samples for D, measurement

=l o
0 0 ‘%“W : Egzsrnm
® Photo production gives § \ 5 oo
significant number of h -
J . e 5 k 210K  Euwo 200k
events with low multiplicity. Erol, [ | : |
Z g ki .‘I\H__‘__h_‘_ Z 00— \’a.,____._.,__ﬁ
qI.‘." 1.75 1.8 185 1.9 185 2 205 2:1 qI.'.l‘ 1.75 1.8 1.85 1.9 185 2 205 21
M(K'=") GeVic® MIK'=*z*7)  GeVie?

® Process types are:

D YN — + X 53:2 G} . | %:ﬁm d)
n Easmu Ea:m:
Eaum 'J !gzm
[ &%zsm _ 125k Ezm
5 20000 W 0o
D ’YN — + X ;lé'ﬁm J l o / |
] 2 oo ———— 1 _ Em —|_\_‘_|\
8

q.?’ 175 18 185 4T 185 2 208 2:1 14 042 D44 D146 048 005
/d:(i'n'} GeVic? M(D°z"-M(D%) GeV/c?

Remove any DO candidate with D* < 3o
(Clean up DOt*)

| ————_—_—_—_—_=__$s___LLL,,,,,ssss=======_==—
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D*n~ and D%x* distributions

2500}
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u 11
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— Drx

—D*7 « D*n~ (AM,) and D%t* (AM,) distributions

Drx)y
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2500F
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ok

2.2 2324 25 DB 57 08 503

*AM ,=M(K n°n" )r” )-MK n°n" )+ M
*AM . =MD °z* )—-MD ° )+ M

PDG(D °)

Fit improves
dramatically with
inclusion of a broad
S-wave state.

- Might be D,* — D7z or

D '=D*r— (Dx)y
or both

PLB586 (2004)11-20

PDG(D *)

- Consider feed downs from D,*, D, — Dr*n® partially reconstructed

- Add S—wave contributions for D*, state ( = 1)
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DOt and D*r~ systematic checks

® Signals are fit with relativistic Breit-Wigner @ experimental
resolution.

® Background is exponential + roll-over: e
® Studied a large number of backgrounds
4 Wrong sign, D sidebands and simulations
 All are consistent with single exponential background.

® S-wave contributions is needed for an acceptable fit. Many
other systematic studies on fitting method shows significance
of S-wave.

a+bx (x . C)a'
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D9t and D't~ results

D,*0 D,** D2* + D,*0
Yield 5776x869 + 696 3434 + 670 + 656
Mass
PDGO03 | 2458.9+2.0 2459 + 4 0.0+3.3
Belle03 | 2461.6 £ 3.9
Width
PDGO0O3 |23%5 25+8
Belle03 | 45.6 £8.0
“D0 (jq=1/2)” or D,° (jq= 12)” | “Dy* (jq=1/2)” or D,* (jq=1/2)”
Yield 9810 + 2657 18754 +£ 2189
Mass 2407 £ 21 £ 35 2403 £ 14 £ 35
Belle03 2308 + 36
Width 240 £ 55+ 59 283+ 24 +34
Belle03 276 + 66

* Errors on D, * masses and widths are smaller than or same as
PDGO3 and agree with recent Belle report (hep—ex/0307021).
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HER S
Conclusions

® Charm physics gives a rich source of new results.

® FOCUS is playing a major role in understanding the
charm hadronic decays.

O For the first time the K-matrix approach has been applied
to charm decays.

O Discovery of new multibody final states
0 New precise measurement of D, * and D, °
L Evidence for broad D,© and D,* (First evidence in Drt*)

® FOCUS is continuing studies of charm hadronic
decays.
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Some preliminary cs results

D (2K K*rt) =0
Another D_,* (2317) confirmation!
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